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ABSTRACT
Animals can use their environments more eYciently by selecting particular sources
of information (personal or social), according to speciﬁc situations. Group-living
animals may beneﬁt from gaining information based on the behaviour of other
individuals. Indeed, social information is assumed to be faster and less costly to use
than personal information, thus increasing foraging eYciency. However, when food
sources change seasonally or are randomly distributed, individual information may
become more reliable than social information. The aim of this study was to test the
use of conﬂicting personal versus social information in goats (Capra hircus), in a
foraging task. We found that goats relied more on personal than social information,
whenbothtypesofinformationwereavailableandinconﬂict.NoeVectofsocialrank
was found on the occasions when goats followed other demonstrator goats. Goats
are selective browsers/grazers and therefore relying on personal rather than social
information could be the most eYcient way to ﬁnd patchily distributed resources in
highly variable environments. Studies testing speciﬁc assumptions regarding the use
ofdiVerentsourcesofinformationcanextendourunderstandingofdecisionmaking,
includingobservedpatternsofsociallearning.
Subjects Animal Behavior, Zoology
Keywords Social learning, Patch assessment, Personal information, Capra hircus,
Information use, Decision making
INTRODUCTION
Social learning is the process whereby animals acquire skills and knowledge by observing
or interacting with other animals (Heyes, 1994). It has numerous advantages for animals
because it constitutes a potential shortcut to acquire adaptive information, such as the
location of valuable food or water resources, how to avoid predators, or how to move
eYcientlyaroundan environment. Obtaininginformationbyobservingother individuals
is generally less costly to acquire, in terms of the time and energy required to sample the
environment, than personally acquired information (i.e., asocial learning) and allows
ﬂexible and fast acquisition of novel behaviours (Boyd & Richerson, 1985; Galef & Heyes,
2004; Galef & Laland, 2005; Thornton & Clutton-Brock, 2011). Social learning can give
rise to culture, such as in humans (Homo sapiens) and some other species (Mesoudi, 2011;
van de Waal, Borgeaud & Whiten, 2013). However, social information is not always as
reliable as personal information and there might be circumstances in which it is better
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2009; Kendal, Coolen & Laland, 2009). The choice of copying others could be inﬂuenced
by speciﬁc characteristics of the situation, and of both the observer and the demonstrator
(Rendell et al., 2011). Unfortunately, empirical studies investigating the strategies used
by animals when copying others have been carried out on a limited number of species,
especially in relation to how they consider personal versus social information (Laland,
2004;Laland&Galef,2009).
Animalsshouldcopyaconspeciﬁcwhenaproductivebehaviourbecomesunproductive,
when acquiring or using personal information is too costly, or when there is uncertainty
regarding the correct behavioural pattern to adopt in order to solve a problem or make
a decision (“when strategies”; Galef, 1996; Kendal, Coolen & Laland, 2004). Generally,
sociallearningisthoughttobefavouredatintermediateratesofenvironmentalvariability,
because in highly variable environments, social information could be outdated or have
no ﬁtness beneﬁt in the new environment (Boyd & Richerson, 1988). A common and
supportedassumptionofthesetheoreticalanalysesisthatindividualswillbemorelikelyto
rely on social information if they lack personal information to guide their decisions, than
if they possess reliable personal information (Laland, 2004; Galef, 2009; Kendal, Coolen &
Laland,2009).
Identityandothercharacteristicssuchassocialrank,age,sexofboththedemonstrators
(“model-based biases”; “who-strategies”; e.g., Coussi-Korbel & Fragaszy, 1995; DuVy,
Pike & Laland, 2009; van de Waal et al., 2010; Hopper et al., 2013), and the observers
(“state-based biases”; e.g., Benskin et al., 2002; Webster & Laland, 2011), play important
roles in the process of social learning (Laland, 2004). For example, according to the
“copy-successful-individuals” strategy, animals should copy high-ranking individuals
moreoftenthanlow-rankingones(Laland,2004).However,fewstudieshaveattemptedto
test whether social status of the demonstrator (i.e., dominant vs subordinate) inﬂuences
the likeliness of observers to learn socially (Nicol & Pope, 1999; Krueger & Flauger, 2007;
Horneretal.,2010).
In this study, we investigated if goats use social information during a foraging task,
and how they would trade-oV personal or social information use when these two kinds
of information were in conﬂict. Social learning has not been studied extensively in
goats or other ungulates. The few studies on social learning in ungulates have explored
only basic forms of social learning, such as “local enhancement” (when an individual’s
attention is directed to a particular location by observing another individual; Hoppitt &
Laland, 2008; e.g., Shrader et al., 2007; Krueger & Flauger, 2007; Held et al., 2000). Social
learning from mothers is important in the development of foraging habits in young
herbivores, including goats (Provenza, Pﬁster & Cheney, 1992; Glasser et al., 2009). Shrader
et al. (2007) found that goats with no prior personal information use the only source of
informationavailable(conspeciﬁcbehaviour)tolocatehigh-qualitypatches.Thus,despite
controversial evidence in some species (e.g., horses, Equus caballus, Krueger & Flauger,
2007), ungulates have the potential to acquire information through social learning, but
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foraging.
Goats were probably the ﬁrst livestock species to be domesticated (approximately
10,000yearsago,Zeder&Hesse,2000).Theyliveinlarge,complexsocialgroups(Saunders
et al., 2005; Stanley & Dunbar, 2013). Domestic goats follow the gaze of conspeciﬁcs
towards outside objects/events (Kaminski, Call & Tomasello, 2006). They also use cues
given by humans to locate hidden food, showing strong local and stimulus enhancement
learning (Kaminski, Call & Tomasello, 2006). Recent research has shown that goat kids
develop group-characteristic vocalisations through vocal learning (Briefer & McElligott,
2012),andgoatmothershavelong-termmemoryoftheirkids’calls(upto13monthsafter
separation; Briefer, de la Torre & McElligott, 2012). Goats are selective browsers/grazers
that thrive in diVerent, harsh environments that also require them to use a wide range of
resources (Coblentz, 1978; Goetsch et al., 2010; Duncan & Young, 2002). These social and
ecologicalfactorssuggestthattheycouldbeneﬁtfromsociallearning.
Thisstudyinvestigatedthestrategyadoptedbygoatsinaforagingtask,whenonlysocial
information (and no personal information) was available, as well as the use of personal
andsocialinformation,whenthesetwokindsofinformationwereavailableandinconﬂict.
This experimental design allowed us to test “when” and “who” strategies (Laland, 2004;
Kendal, Coolen & Laland, 2004). More speciﬁcally, we tested (1) whether goats would use
social information provided by the demonstrator when no prior personal information
aboutwherethefoodwaslocatedwasavailable(i.e.,withoutanytraining),and(2)whether
the goats would use social or personal information when prior personal information
aboutfoodlocationthatcontradictedsocialinformationwasavailable(i.e.,aftertraining).
These conditions were tested in combination with the “who” strategy of “copying
successful-individuals” (i.e., higher-ranking individuals), in order to determine whether
the use of social information was inﬂuenced by the demonstrator’s social rank. This
is based on the assumption that higher-ranking individuals might be considered more
successfulbyconspeciﬁcs(Nicol&Pope,1999).
We based our predictions on previous research showing that goats alter their feeding
behaviour according to both the status of group members and the sources of information
available to locate high quality food patches (Barroso, Alados & Boza, 2000; Shrader et al.,
2007). Our predictions were also based on theoretical models and experimental evidence
for the use of social versus personal information in other species (Boyd & Richerson, 1988;
Giraldeau, Valone & Templeton, 2002; Kendal, Giraldeau & Laland, 2009; Galef, 2009).
Accordingly, we expected goats to be more prone to use personal information when that
information was available (condition 2), and to copy others in the absence of personal
information (condition 1). We also expected that the use (or not) of social information
would be inﬂuenced by the rank of demonstrators. Goats could be more willing to
copy higher-ranking individuals, if they consider them as successful or if they pay more
attentiontothem(Nicol&Pope,1999;Galef&Laland,2005).Alternatively,observerscould
copy lower-ranking more than higher-ranking individuals, if fear of aggression prevents
them from watching or learning from dominant demonstrators (Nicol & Pope, 1999).
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information about how animals in general gather information and make important
decisions.
MATERIALS & METHODS
Subjects and management conditions
The experiments were conducted from May to November 2012, and involved 28 adult
horned and dehorned female and male goats of various breeds and ages (Table 1). The
animals were housed at an animal sanctuary (Buttercups Sanctuary for Goats, http://
www.buttercups.org.uk) in Kent, UK. Fourteen goats were used as demonstrators and
14 as observers (test subjects). The same observers and demonstrators were used for the
two conditions of our experiment (i.e., without and with prior personal information).
All had lived at the sanctuary for at least eight months. All the goats were released into a
large ﬁeld during the day and were therefore familiar with each other. At night, they were
kept indoors in individual or shared pens (2 or 3 goats, average size D 3:5 m2) with straw
bedding,withinalargerstablecomplex.
Routinecareoftheanimalswasprovidedbysanctuaryemployeesandvolunteers.Goats
had ad libitum access to hay, grass (during the day) and water, and were also fed with a
commercial concentrate in quantities according to their state and age. Every stable was
cleaned on a daily basis. All goats were inspected each day by the sanctuary employees
and volunteers, were checked regularly by a vet and given medication when appropriate.
AnimalcareandallexperimentalprocedureswereinaccordancewiththeguidelinesofThe
Association for theStudy of Animal Behaviour. The researchplan was reviewed by theUK
GovernmentHomeOYceinspectorforQueenMary,UniversityofLondon.
Observers and demonstrators
Eachobserverwaspairedwithtwodemonstratorsaccordingtotheirrespectivedominance
ranks (Table 1). To assess the dominance hierarchy, the entire herd (150 goats) was
observedfromMarch2011toApril2012onaregularbasis(twotimesperweek).Allevents
recording of agonistic interactions, including ﬁghts, displacements, threats, aggressions
(headbutts)andretreatswerecarriedout.Theoutcomesofagonisticinteractionsresulting
inaclear“winner”and“loser”(thewinnerwinstheﬁght,displaces,threatsoraggressesthe
loser that, as a consequence, retreats; N D 579 interactions involving 98 goats) were used
to calculate the ranks of all goats that interacted with at least 5% of other goats. Because
goat herds typically have linear hierarchies (Barroso, Alados & Boza, 2000), we calculated
dominance ranks using the Clutton-Brock Index (Clutton-Brock et al., 1979; Bang et al.,
2010) as follows: Clutton-Brock Index (CBI) D (B C b C 1)/(L C l C 1), where B is the
number of goats defeated by the focal goat (“losers”), b is the number of goats (excluding
the focal goat) defeated by the losers, L is the number of goats that defeated the focal goat
(“winners”) and l is the number of goats that defeated the winners. The goat with the
highestindexwasassignedtherankof1,andalltheothergoatswererankedaccordingly.In
total,72goatswereranked.
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and actual dominance rank of the goats used as observers and demonstrators (low-ranking, “LR”; highranking, “HR”). The description of the
observer-demonstrator pairs formed is also shown.
Subject Breed Sex Age Horned Demonstrator/
Observer
CBI Dominance
rank
Paired
with
1 British Boer M 5 No LR Demonstrator 0.008 69 8, 9
2 Mixed breed M 10 No LR Demonstrator 0.011 67 10, 11
3 Golden Guernsey M 11 No LR Demonstrator 0.012 66 12, 13
4 British Saanen F 2 No LR Demonstrator 0.012 66 14, 15
5 Golden Guernsey M 7 No LR Demonstrator 0.036 63 16, 17
6 Golden Guernsey F NA No LR Demonstrator 0.057 60 18, 19
7 Mixed breed F 10 No LR Demonstrator 0.063 59 20, 21
8 Golden Guernsey F 12 No Observer 0.064 58 1, 22
9 British Saanen F 8 No Observer 0.072 56 1, 22
10 Mixed breed F 10 No Observer 0.091 55 2, 23
11 Pygmy M 4 Yes Observer 0.120 53 2, 23
12 Anglo-Nubian F 12 No Observer 0.160 49 3, 24
13 Pygmy M 5 Yes Observer 0.214 48 3, 24
14 British Toggenburg M 8 Yes Observer 0.243 47 4, 25
15 British Saanen M 10 No Observer 0.316 45 4, 25
16 Pygmy M 15 Yes Observer 0.370 44 5, 26
17 Pygmy M 12 Yes Observer 0.740 37 5, 26
18 Pygmy F 9 Yes Observer 0.915 32 6, 27
19 British Toggenburg F 14 Yes Observer 1.235 29 6, 27
20 Pygmy M 9 Yes Observer 1.807 23 7, 28
21 Pygmy M 11 Yes Observer 2.037 21 7, 28
22 British Alpine F 8 Yes HR Demonstrator 2.158 20 8, 9
23 Pygmy M 13 Yes HR Demonstrator 2.292 18 10, 11
24 British Toggenburg M 11 Yes HR Demonstrator 3.333 15 12, 13
25 British Alpine F 6 Yes HR Demonstrator 3.625 13 14, 15
26 British Toggenburg F 8 Yes HR Demonstrator 5.800 9 16, 17
27 Pygmy M 15 Yes HR Demonstrator 10.539 7 18, 19
28 British Toggenburg M 8 Yes HR Demonstrator 193.00 2 20, 21
The goats at the top of the hierarchy (ranks 2–20) were used as higher-ranking
demonstrators and the ones towards the bottom of the hierarchy (ranks 59–69) were
usedaslower-rankingdemonstrators(Table1).Thegoatswithintermediateranksbetween
the lower-ranking and higher-ranking demonstrators (ranks 21–58) were used as test
subjects (observers). Then, each observer was paired with a higher-ranking demonstrator
and a lower-ranking demonstrator that did not share its pen at night (Table 1). The rank
diVerence between the observers and the higher-ranking demonstrators was 30.6  1.7
ranks(rangeD19–38),anditwas21.52.4ranks(rangeD11–38)betweentheobservers
and the lower-ranking demonstrators. These large diVerences in ranks between observers
and demonstrators, associated with the existence of clearly established, stable and linear
hierarchies in goat herds (Barroso, Alados & Boza, 2000), ensured that our classiﬁcation
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relationships. Each observer was tested twice for each of the two tested conditions; once
withthehigher-rankingdemonstratorandoncewiththelower-rankingdemonstratorina
randomorder(i.e.,ineachcondition,halfoftheobserversstartedwiththelower-ranking
demonstratorandtheotherhalfwiththehigher-rankingdemonstrator).
Experimental apparatus
The experimental apparatus was set up in an open ﬁeld, which was part of the normal
daytimerangeofthegoats.Itconsistedoftwocompartmentsandthreecorridors(Fig.1A).
Compartments 1 and 2 (2 m1 m each) were used for the observer and demonstrator.
Compartment 2 was connected to corridor 5 (central) by a door in railed hurdle. The
corridor 5 allowed the animal to make a choice between corridors 3 and 4 (left and right,
2 m  1 m). At the beginning of each of the left and right corridor (3 and 4), there
was a guillotine gate, which was open or closed according to the diVerent phases of the
experiment.Abluebucketcontainingthefoodwasplacedattheendofeachcorridor(two
blue buckets in total, empty or not, depending on the corridor and trial) and covered with
an 8 mm thick plastic lid, in order to prevent any olfactory cues indicating the location of
the food reward (Briefer & McElligott, 2013). The blue buckets at the end of each corridor,
were present and visible during all phases of the experiment. Compartments 1 and 2 had
three sides covered with opaque iron sheeted hurdles, and one side with a rail, which
allowed the observers to see clearly the demonstrators entering corridor 5, and going to
feedinthebucketattheendofcorridors3and4.
Training of the demonstrators
The demonstrators were trained to choose one speciﬁc corridor, reinforcing this choice
with the presence of food only in the bucket at the end of the targeted corridor. Four of
the higher-ranking demonstrators were trained to go to the left corridor and three to
the right. Similarly, four of the lower-ranking demonstrators were trained to go to the
left corridor and three to the right (corridors 3 and 4 in Fig. 1A). During the training
procedure, the individual was brought to compartment 2 for 90 s. At the end of the
90 s, the gate to access the central corridor 5 was opened to allow the animals to reach
the food. Initially, they received two training sessions of four trials each. In order to
facilitate learning, during the ﬁrst training session, only the guillotine gate to access the
correct corridors 3 or 4 (rewarded or unrewarded, alternatively) was open. During the
second training session as well as during all the tests (condition 1 and 2 described below),
accesstobothcompartmentswasallowed(i.e.,bothguillotinegatewereopened).Thetwo
trainingsessionswerecarriedoutduringtwoconsecutivedays.Afterwards,demonstrators
received one reminder trial before each test condition. During these reminder trials, the
percentageofcorrectchoices(i.e.,consistentwiththetraining)obtainedwas100%forthe
twoconditions.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 6/16Figure 1 Experimental apparatus (A) and outline (B and C) for the two experimental conditions. Condition 1 tested whether observer goats
without prior personal information about food location would copy the demonstrator (i.e., use social information to locate food). Condition 2
tested whether observers with prior information about food location (i.e., that had learned to ﬁnd food on one side of the experimental apparatus,
indicated by the black arrow) would copy the demonstrator and choose the opposite side than the one where they had been trained to go (i.e.,
use social information in conﬂict with their personal information). For each condition, observers were tested twice, once with a higher-ranking
demonstrator, and once with a lower-ranking demonstrator.
EXPERIMENTAL PROCEDURE
Condition 1: goats without prior personal information
The aim of the ﬁrst experiment was to test whether the observers, which had not received
any training on the position of food (“without personal information”), would base
their decision on the choice of the demonstrators (i.e., use social information; Fig. 1B).
We also tested whether this decision was inﬂuenced by the dominance rank of the
demonstrators. The test was carried out during the week following the initial training
of the demonstrators. The observers were tested without any prior training. During each
test, the observer was placed in compartment 1 and the demonstrator in compartment 2
for 90 s. At the end of the 90 s, the experimenter attracted the attention of the observer
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eating, and moved away to open the door of compartment 2, allowing the demonstrator
to access the central corridor (corridor 5 in Fig. 1A) and to access the food in the corridor
where it had been trained to go (corridors 3 or 4 in Fig. 1A). The demonstrator was then
moved away from the apparatus, and the observer was brought from compartment 1 to
compartment 2 and stayed there for 90 s. At the end of the 90 s, the door was opened to
allow the access to the corridor 5. The choice of the corridors 3 or 4, deﬁned as at least two
forelegs positioned beyond the line of the gate, was recorded. The observers were never
rewardedatanystageofthetests,inordertoavoidanyassociationbetweentherewardand
thedecisiontocopyornotthedemonstrators.
Condition 2: prior personal information in conﬂict with social
information
The aim of the second experiment was to test whether the observer goats, which had
received training about the position of food (“with personal information”), would prefer
to base their decision on the demonstrator’s behaviour or on their personal information
(Fig.1C).Wealsotestedwhetherthisdecisionwasinﬂuencedbythedominancerankofthe
demonstrators. This condition consisted of two steps: (a) training each observer to enter
the corridor opposite the one where its paired high- and low-ranking demonstrators had
beentrainedtogo;(b)testingtheobservers.
(a) Training of the observers: observers were trained following a similar procedure as
for the demonstrator (see Training of the demonstrators above). The observers received
one session of six trials with only one corridor open to facilitate learning, followed by
one session of four trials during the following day, in which both corridors 3 and 4 were
open. Before the test, one reminder trial was provided (i.e., without demonstrator). The
percentage of correct choice (i.e., consistent with the training) for the observers during
this reminder trial was of 92.85%. During this phase, the demonstrators received two
reminder sessions about the training previously received (one trial each during two
consecutive days). (b) Testing of the observers: test phase followed the same procedure
asincondition1.
Statistical analyses
We used generalized linear mixed models (GLMM) ﬁt by the Laplace approximation
and with restricted estimate maximum likelihood (lmer function in R; Bates, Maechler
& Bolker, 2011), to test whether the choices of the goats to go to the same side as the
demonstrator or not diVered between the two conditions and was inﬂuenced by the
dominance rank and sex of the demonstrator. The choice of the goats was included as
a response variable (coded as: went to the same side as the demonstrators D 1; went to
the non-demonstrator side D 0). The explanatory variables were (1) the side where the
demonstrator had been trained (right or left) to control for potential side biases; and
(2) the condition (condition 1 or 2), to test for the eVect of the availability of personal
information on social information use (no personal information in condition 1 versus
prior personal information in condition 2). To test for the eVect of the demonstrator’s
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(3) the sex of the demonstrator and (4) the dominance rank of the demonstrator (higher
orlowerranking).Theidentitiesofobserversanddemonstratorswereincludedasrandom
eVects to account for repeated measurements of the same individuals within and between
experiments. We ﬁtted this model with a binomial family distribution and logit link.
Furthermore a Chi-square test was used in each condition to investigate whether the data
werediVerentfromanevendistribution.
RESULTS
Condition 1: goats without prior personal information
Theproportionofgoatsthatwenttothesamesideasthehigher-rankingdemonstratorwas
57.14%(8=14subjects).TheseresultsdidnotdiVerfromanevendistribution(Chi-square
test: 2
1 D 0:29, P D 0:59). The proportion of goats that went to the same side as the
lower-ranking demonstrator was 42.85% (6=14 subjects). These results also did not diVer
from an even distribution (Chi-square test: 2
1 D 0:29, P D 0:59). Ten out of 14 observers
thatchoseonecorridorduringtheﬁrsttrialchosetheoppositecorridorduringthesecond
trial. Among these 10 observers, seven chose the oppositeside from the ﬁrst demonstrator
during the ﬁrst trial and then went to the same side as the other demonstrator during the
second trial. The remaining three observers chose the same side as the ﬁrst demonstrator
during the ﬁrst trial and then went to the opposite side from the other demonstrator
duringthesecondtrial.Ofthefourobserversthatwenttwicetothesameside,twowentto
the same side as both demonstrators during the two trials, and two went to the other side
ontwooccasions.Thus,goatsdidnotshowapreferenceforthesideofthedemonstrator.
Condition 2: prior personal information in conﬂict with social
information
None of the goats went to the same side as the higher-ranking demonstrator (0=14
observers). The proportion of goats that went to the same side as the lower-ranking
demonstrators was 14.28% (2=14 observers), compared to 85.71% of the subjects (12=14
subjects) that went to the other side. These results diVered from an even distribution
(Chi-squaretest:2
1 D 7:14,P D 0:008).Goatsthususedtheirpersonalinformationmore
thansocialinformation.
Rank effect and comparison between the two experimental condi-
tions
Over the two conditions, the dominance rank of the demonstrators did not aVect the side
where the observers went (N D 7 observers went to the same side and 21 did not go to
the same side as the higher-ranking demonstrator; N D 9 observers went to the same side
and 19 did not go to the same side as the lower-ranking demonstrator; GLMM: Z D 0:68;
N D 56 tests, 14 observers; P D 0:50). Similarly, the sex of the demonstrator did not aVect
the side where the observers went (N D 8 observers went to the same side and 16 did not
go to the same side as female demonstrators; N D 8 observers went to the same side and
24 did not go to the same side as male demonstrators; GLMM: Z D  0:60; N D 56 tests,
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the experimental condition (1 and 2; GLMM: Z D  3:15; N D 56 tests, 14 observers;
P D 0:002). To summarize, the goats did not show a preference for the side of the
demonstrator when they did not possess personal information about food location, and
they favoured personal information when they were trained to ﬁnd food in one speciﬁc
location.
DISCUSSION
Individuals are assumed to beneﬁt from using social information, because by doing so
they gain from acquiring adaptive information in a less costly manner than when they
use individual learning (Kendal, Coolen & Laland, 2009). Although trade-oVs in the
use of social and personal information have been tested in ﬁsh, rats and birds (Laland,
2004; Galef, 2009; Lefebvre & Boogert, 2010), studies using other species are rare. Our
primary aim was to investigate whether goats use social information and how they trade
oVpersonalandsocialinformationuseduringaforagingtask.Ourresultsshowthatgoats
did not show a preference for the side of the demonstrator in the foraging task. Most
goats (10=14) changed sides between the ﬁrst and second trial, suggesting that they used
an exploratory strategy when they did not have any personal information (condition 1).
When both personal and social information were available but in conﬂict, goats relied
more on personal than social information (condition 2). Our secondary aim was to test
whetherthedominancestatusofthedemonstratorcouldinﬂuencethelikelihoodofsocial
information being used. Our results show that when goats went to the same side as the
demonstrator, this choice was not inﬂuenced by social dominance. We propose that social
information might not be preferentially used by goats, because individual information
is likely to be optimal for ﬁnding food in this species. The study of adaptive use of social
and asocial information has the potential to increase our understanding of how animals
interact with the social and physical environments in which they live (Rendell et al., 2011;
Thornton&Malapert,2009).
Condition 1 and 2: goats favour the use of personal over social
information
The results found in condition 1 (i.e., not preferentially copying the demonstrator when
no prior personal information is available) could be attributed to diVerent causes. First of
all,ourresultscouldresultfromthenatureofthetaskusedinourexperiments.Inourtest,
observer goats watched the demonstrator eat and were then tested after being moved to
another compartment, followed by an interval of 90 s. In order to copy the demonstrator,
goats had to learn by observation and then go to the same side, once the demonstrator
hadbeenremovedfromthesetup(“delayedlocalenhancement”;Hoppitt&Laland,2008).
This task could be more complex for goats than simply joining group members that are
eating at a given patch (local enhancement), due to an aggregation tendency (Shrader et
al., 2007). Using an insect model, learning food location by observation has recently been
showntoarisethroughsimpleassociationbetweenthepresenceofconspeciﬁcsandafood
reward (Dawson et al., 2013). In our experiment, goats had not been previously rewarded
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 10/16forcopyingconspeciﬁcs.Ourresultscouldthusbeexplainedbythefactthatgoatshadnot
yet formed an association between the action of copying the demonstrator and presence
of food. Further experiments, in which goats are trained to associate demonstrators
with food, could be carried out to test whether they can develop (through second-order
conditioning, e.g., Dawson et al., 2013), this ability or motivation to learn by observation.
Yet, our results suggest that this is not an ability that is naturally found in goats, nor in
other ungulates, as similar results have been found with horses (e.g., Clarke et al., 1996;
Lindberg,Kelland&Nicol,1999).
Goatsmayhavehadatendencytoavoidthesidethathadpotentiallybeenfooddepleted
by the demonstrator. However, 7 of the 9 goats that in the ﬁrst trial of the ﬁrst condition
went to the opposite side as the demonstrator, then went to the same side as the second
demonstrator in the other trial. This pattern is more indicative of an exploratory strategy
thanasimpletendencytoavoidafood-depletedarea.
Our results for condition 2 are consistent with theoretical models and experimental
evidenceinﬁsh(Pungitius pungitius),rats(Rattus norvegicus),anddogs(Canis familiaris).
Individuals prefer to use prior and reliable personal information rather than social
information for foraging decisions in stable environments (Pongr´ acz et al., 2003; van
Bergen,Coolen&Laland,2004;Kendal,Coolen&Laland,2004;Galef,2009).
According to Kendal, Coolen & Laland (2009), species that use complex foraging skills
(e.g.,cooperativehunting,tooluse)couldrelyonsocialinformationmorethanindividual
learning. Herbivores are known to socially learn how to choose food items and avoid toxic
foods from a very early age (Provenza, Pﬁster & Cheney, 1992; Glasser et al., 2009). They
also monitor the eating behaviour of group members and minimize the risk of predation,
by choosing food patches closer to groups (Shrader et al., 2008). However, they might not
have evolved to be dependent on social learning processes other than local enhancement
to ﬁnd food patches. Social learning is likely to evolve when environments vary only at an
intermediate level, either spatially or temporally (Boyd & Richerson, 1988). Therefore, the
potentially patchily distributed resources (Goetsch et al., 2010) with which wild or feral
goats have to cope could make social learning other than local enhancement (e.g., delayed
local enhancement) less adaptive (Boyd & Richerson, 1988). The use of social learning
strategies could become less likely if demonstrators and observers interact with diVerent
environments.
An absence of social information use can be due to the potential disadvantages of using
acquired social information. Giraldeau, Valone & Templeton (2002) proposed two of these
possible disadvantages. The ﬁrst one corresponds to cognitive or physical restrictions to
acquire two diVerent types of information (personal and social) simultaneously. Second,
the risk of informational cascades resulting in sub-optimal behaviour, which can arise
becausecopyingisbasedonverylittleinformation.Asociallearningisbelievedtobemore
often reliable than social learning, because it requires individuals to interact directly with
their environment, which results in accurate, current information and is not prone to
copying errors (Galef, 2009). Social learning could therefore be a last resort when asocial
learninghasfailed(Kendal,Coolen&Laland,2009).
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 11/16Inﬂuence of rank on the use of social information
Understanding the characteristics of the demonstrator that are salient for the observer
according to the species they belong to, may oVer new insights into the use of the “who”
strategies (Nicol & Pope, 1999; Galef, 2009; van de Waal et al., 2010). Overall, we did not
ﬁndalinkbetweentheuseofsocialinformationandthesocialstatusofthedemonstrators
(dominant or subordinate). This could suggest that dominant goats are not better at
foraging than subordinates and their foraging decisions are thus not copied by other
individuals.
CONCLUSION
To conclude, our study suggests that goats favour the use of personal over social
information when foraging. The preference for personal over social information use
in our study could be due to the speciﬁc characteristics of the task (e.g., delay between
observationofthedemonstratorandfoodchoice)andtheresultingmotivationofthegoats
to use social information. Our study constitutes a ﬁrst step towards an understanding of
theconditionsunderwhichdomesticatedgoatsusesociallearninginforagingtasks.
ACKNOWLEDGEMENTS
We are grateful to Sue Healy for advice, Alex Mesoudi, and anonymous reviewers for
comments on the manuscript. We thank R Hitch, N Comfort and all the volunteers of
Buttercups Sanctuary for Goats (http://www.buttercups.org.uk) for their excellent help
andfreeaccesstotheanimals.
ADDITIONAL INFORMATION AND DECLARATIONS
Funding
The research was funded through a Swiss Federal Veterinary OYce grant (Project No.
2.11.03) to Alan McElligott and Elodie Briefer, and a Swiss National Science Foundation
fellowship to Elodie Briefer. The funders had no role in study design, data collection and
analysis,decisiontopublish,orpreparationofthemanuscript.
Grant Disclosures
Thefollowinggrantinformationwasdisclosedbytheauthors:
SwissFederalVeterinaryOYcegrant:ProjectNo.2.11.03.
SwissNationalScienceFoundationfellowship.
Competing Interests
Theauthorsdeclaretherearenocompetinginterests.
Author Contributions
 Luigi Baciadonna and Elodie F. Briefer conceived and designed the experiments,
performedtheexperiments,analyzedthedata,wrotethepaper.
 AlanG.McElligottconceivedanddesignedtheexperiments,wrotethepaper.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 12/16Animal Ethics
Thefollowinginformationwassuppliedrelatingtoethicalapprovals(i.e.,approvingbody
andanyreferencenumbers):
1.UKGovernmentHomeOYce,QueenMary,UniversityofLondon.
2. The full research details were reviewed by our Home OYce inspector who advised us
thattheworkdidnotneedtoberegulatedbytheASPA.
IntheUK,“aregulatedproceduremeansanyexperimentalorotherscientiﬁcprocedure
applied to a protected animal that may have the eVect of causing that animal pain,
suVering, distress or lasting harm”. Because our study did not cause any pain, suVering,
distressorlastingharm,formalapprovalwasnotneeded.
3. Our research adhered to the Association for the Study of Animal Behaviour
GuidelinesfortheUseofAnimalsinResearch.
REFERENCES
Bang A, Deshpande S, Sumana A, Gadagkar R. 2010. Choosing an appropriate index to construct
dominance hierarchies in animal societies: a comparison of three indices. Animal Behaviour
79:631–636 DOI 10.1016/j.anbehav.2009.12.009.
Barroso FG, Alados CL, Boza J. 2000. Social hierarchy in the domestic goat: eVect on food
habits and production. Applied Animal Behaviour Science 69:35–53 DOI 10.1016/S0168-
1591(00)00113-1.
Bates D, Maechler M, Bolker B. 2011. lme4: linear mixed-eVects models using S4 classes.
R package version 2.15.0. Available at http://CRAN.R-project.org/package=lme4.
Benskin CMH, Mann NI, Lachlan RF, Slater PJB. 2002. Social learning directs feeding
preferences in the zebra ﬁnch (Taeniopygia guttata). Animal Behaviour 64:823–828
DOI 10.1006/anbe.2002.2005.
Boyd R, Richerson PJ. 1985. Culture and the evolutionary process. Chicago: University of Chicago
Press.
Boyd R, Richerson PJ. 1988. An evolutionary model of social learning. In: Zentall TR, Galef BG Jr,
eds. Social learning: psychological and biological perspectives. Hillsdale: Erlbaum, 29–48.
Briefer EF, de la Torre MP, McElligott AG. 2012. Mother goats do not forget their kids’ call.
Proceedings of the Royal Society B 279:3749–3755 DOI 10.1098/rspb.2012.0986.
Briefer EF, McElligott AG. 2012. Social eVects on vocal ontogeny in an ungulate, the goat, Capra
hircus. Animal Behaviour 83:991–1000 DOI 10.1016/j.anbehav.2012.01.020.
Briefer EF, McElligott AG. 2013. Rescued goats at a sanctuary display positive mood after former
neglect. Applied Animal Behaviour Science 145:45–55 DOI 10.1016/j.applanim.2013.03.007.
Clarke JV, Nicol CJ, Jones R, McGreevy PD. 1996. EVects of observational learning on food
selection in horses. Applied Animal Behaviour Sciences 50:177–184 DOI 10.1016/0168-
1591(96)01071-4.
Clutton-Brock T, Albon SD, Gibson RM, Guinness FE. 1979. The logical stag: adaptive aspects of
ﬁghting in red deer. Animal Behaviour 27:211–225 DOI 10.1016/0003-3472(79)90141-6.
Coblentz BE. 1978. The eVects of feral goats (Capra hircus) on island ecosystems. Biological
Conservation 13:279–286 DOI 10.1016/0006-3207(78)90038-1.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 13/16Coussi-Korbel S, Fragaszy DM. 1995. On the relation between social dynamics and social
learning. Animal Behaviour 50:1441–1453 DOI 10.1016/0003-3472(95)80001-8.
Dawson EH, Avargu` es-Weber A, Chittka L, Leadbeater E. 2013. Learning by observation
emerges from simple associations in an insect model. Current Biology 23:727–730
DOI 10.1016/j.cub.2013.03.035.
DuVy GA, Pike TW, Laland KN. 2009. Size-dependent directed social learning in nine-spined
sticklebacks. Animal Behaviour 78:371–375 DOI 10.1016/j.anbehav.2009.05.015.
Duncan AJ, Young SA. 2002. Can goats learn about foods through conditioned food aversions and
preferences when multiple food options are simultaneously available? Journal of Animal Science
80:2091–2098.
Galef BG Jr. 1996. Social enhancement of food preferences in Norway rats: a brief review. In: Heyes
CM, Galef BG Jr, eds. Social learning and imitation: the roots of culture. San Diego: Academic
Press, 49–64.
Galef BG Jr. 2009. Strategies for social learning: testing predictions from formal theory. Advances
in the Study of Behavior 39:117–151.
Galef BG Jr, Heyes CM. 2004. Social learning and imitation. Learning and Behavior 32:1–140
DOI 10.3758/BF03196001.
Galef BG Jr, Laland KN. 2005. Social learning in animals: empirical studies and theoretical models.
Bioscience 55:489–499 DOI 10.1641/0006-3568(2005)055[0489:SLIAES]2.0.CO;2.
Giraldeau L-A, Valone TJ, Templeton JJ. 2002. Potential disadvantages of using socially acquired
information. Philosophical Transactions of the Royal Society of London. Series B, Biological
Sciences 357:1559–1566 DOI 10.1098/rstb.2002.1065.
Glasser TA, Ungar ED, Landau SY, Perevolotsky A, Muklada H, Walker JW. 2009. Breed and
maternal eVects on the intake of tannin-rich browse by juvenile domestic goats (Capra hircus).
Applied Animal Behaviour Science 119:71–77 DOI 10.1016/j.applanim.2009.02.028.
Goetsch AL, Gipson TA, Askar AR, Puchala R. 2010. Feeding behavior of goats. Journal of Animal
Science 88:361–373 DOI 10.2527/jas.2009-2332.
Held S, Mendl M, Devereux C, Byrne RW. 2000. Social tactics of pigs in a competitive
foraging task: the ‘informed forager’ paradigm. Animal Behaviour 59:569–576
DOI 10.1006/anbe.1999.1322.
Heyes CM. 1994. Social learning in animals: categories and mechanisms. Biological Reviews
69:207–231 DOI 10.1111/j.1469-185X.1994.tb01506.x.
Hopper LM, Holmes AN, Williams LE, Brosnan SF. 2013. Dissecting the mechanism of squirrel
monkey (Saimiri boliviensis) social learning. PeerJ 1:e13 DOI 10.7717/peerj.13.
Hoppitt W, Laland KN. 2008. Social processes inﬂuencing learning in animals: a review of the
evidence. Advances in the Study of Behavior 38:105–165 DOI 10.1016/S0065-3454(08)00003-X.
Horner V, Proctor D, Bonnie K, Whiten A, de Waal F. 2010. Prestige aVects cultural learning in
chimpanzees. PLoS ONE 5:e10625 DOI 10.1371/journal.pone.0010625.
Kaminski J, Call J, Tomasello M. 2006. Goats’ behaviour in a competitive food paradigm: evidence
for perspective taking? Behaviour 143:1341–1356 DOI 10.1163/156853906778987542.
Kendal RL, Coolen I, Laland KN. 2004. The role of conformity in foraging when personal and
social information conﬂict. Behavioral Ecology 15:269–277 DOI 10.1093/beheco/arh008.
Kendal RL, Coolen I, Laland KN. 2009. Adaptive trade-oVs in the use of social and personal
information. In: Cognitive ecology II. Chicago: University of Chicago Press, 249–271.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 14/16Kendal J, Giraldeau L-A, Laland K. 2009. The evolution of social learning rules: payoV-biased
and frequency-dependent biased transmission. Journal of Theoretical Biology 260:210–219
DOI 10.1016/j.jtbi.2009.05.029.
Krueger K, Flauger B. 2007. Social learning in horses from a novel perspective. Behavioural
Processes 76:37–39 DOI 10.1016/j.beproc.2006.08.010.
Laland KN. 2004. Social learning strategies. Learning & Behavior 32:4–14
DOI 10.3758/BF03196002.
Laland KN, Galef BG Jr. 2009. The question of animal culture. Cambridge: Harvard University
Press.
Lefebvre L, Boogert NJ. 2010. Avian social learning. In: Breed MD, Moore J, eds. Encyclopedia of
animal behavior. Oxford: Academic Press, 124–130.
Lindberg AC, Kelland A, Nicol CJ. 1999. EVects of observational learning on acquisition
of an operant response in horses. Applied Animal Behaviour Science 6:187–199
DOI 10.1016/S0168-1591(98)00184-1.
Mesoudi A. 2011. Cultural evolution: how darwinian theory can explain human culture and
synthesize the social sciences. Chicago: University of Chicago Press.
Nicol CJ, Pope SJ. 1999. The eVects of demonstrator social status and prior foraging success on
social learning in domestic hens. Animal Behaviour 57:63–171 DOI 10.1006/anbe.1998.0920.
Pongr´ acz P, Mikl´ osi A, Kubinyi E, Top´ al J, Cs´ anyi V. 2003. Interaction between individual expe-
rience and social learning in dogs. Animal Behaviour 65:595–603 DOI 10.1006/anbe.2003.2079.
Provenza FD, Pﬁster JA, Cheney CD. 1992. Mechanisms of learning in diet selection
with reference to phytotoxicosis in Herbivores. Journal of Range Management 45:36–45
DOI 10.2307/4002523.
Rendell L, Fogarty L, Hoppitt WJE, Morgan TJH, Webster MM, Laland KN. 2011. Cognitive
culture: theoretical and empirical insights into social learning strategies. Trends in Cognitive
Sciences 15:68–76 DOI 10.1016/j.tics.2010.12.002.
Saunders FC, McElligott AG, Saﬁ K, Hayden TJ. 2005. Mating tactics of male feral goats (Capra
hircus): risks and beneﬁts. Acta Ethologica 8:103–110 DOI 10.1007/s10211-005-0006-y.
Shrader AM, Brown JS, Kerley GIH, Kotler BP. 2008. Do free-ranging domestic goats show
‘landscapes of fear’? Patch use in response to habitat features and predator cues. Journal of
Arid Environments 72:1811–1819 DOI 10.1016/j.jaridenv.2008.05.004.
Shrader AM, Kerley GIH, Kotler BP, Brown JS. 2007. Social information, social feeding,
and competition in group-living goats (Capra hircus). Behavioral Ecology 18:103–107
DOI 10.1093/beheco/arl057.
Stanley CR, Dunbar RIM. 2013. Consistent social structure and optimal clique size revealed
by social network analysis of feral goats, Capra hircus. Animal Behaviour 85:771–779
DOI 10.1016/j.anbehav.2013.01.020.
Thornton A, Clutton-Brock T. 2011. Social learning and the development of individual and group
behavior in mammal societies. Philosophical Transactions of the Royal Society of London. Series
B, Biological Sciences 366:978–987 DOI 10.1098/rstb.2010.0312.
Thornton A, Malapert A. 2009. Experimental evidence for social transmission of food acquisition
techniques in wild meerkats. Animal Behaviour 78:255–264
DOI 10.1016/j.anbehav.2009.04.021.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 15/16van Bergen Y, Coolen I, Laland KN. 2004. Nine-spined sticklebacks exploit the most reliable
source when public and private information conﬂict. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences 271:957–962.
van de Waal E, Borgeaud C, Whiten A. 2013. Potent social learning and conformity shape a wild
primate’s foraging decision. Science 340:483–485 DOI 10.1126/science.1232769.
van de Waal E, Renevey N, Favre CM, Bshary R. 2010. Selective attention to philopatric models
causes directed social learning in wild vervet monkeys. Proceedings of the Royal Society B
277:2105–2111 DOI 10.1098/rspb.2009.2260.
Webster MM, Laland KN. 2011. Reproductive state aVects reliance on public information in
sticklebacks. Proceedings of the Royal Society B 278:619–627 DOI 10.1098/rspb.2010.1562.
Zeder MA, Hesse B. 2000. The initial domestication of goats (Capra hircus) in the Zagros
mountains 10,000 years ago. Science 287:2254–2257 DOI 10.1126/science.287.5461.2254.
Baciadonna et al. (2013), PeerJ, DOI 10.7717/peerj.172 16/16